Abstract. The present study examined the utility of fibroblast growth factor receptor 3 (FGFR3) mutation status and gene expression as a prognostic marker in primary pT1 bladder cancer (BC). A total of 120 patients with primary pT1 BC were enrolled. FGFR3 mutation status was determined by direct sequencing and FGFR3 mRNA expression level was determined by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. The results were compared with the clinicopathological parameters, and the prognostic value of FGFR3 was evaluated by Kaplan-Meier analysis and a multivariate Cox regression test. FGFR3 mutations were identified in 48/120 (40.0%) patients with pT1 BC. FGFR3 mRNA expression level was significantly higher in those with BC harboring FGFR3 mutations (P<0.001). Low FGFR3 expression level was associated with high-grade tumors and cancer progression (P=0.006 and P=0.001), whereas FGFR3 mutation status was not associated with cancer progression. Kaplan-Meier analysis revealed a similar result (log-rank, P<0.001). Multivariate analysis identified low FGFR3 expression level (odds ratio, 3.300; 95% confidence interval, 1.310-8.313; P=0.011) as an independent predictor of cancer progression. Stratification by exon site of FGFR3 mutations yielded significant differences in mRNA expression level. None of the patients with BC harboring FGFR3 mutations in exon 9 demonstrated disease progression. The mRNA expression level of the FGFR3 gene may be used to precisely identify subsets of patients with pT1 BC that have a relatively better prognosis. The prognostic influences of FGFR3 mutations may be modulated by the exon site of FGFR3 mutations.
Introduction
Urothelial cell carcinoma (UCC) of the bladder is the fifth most common type of tumor and the second most common cause of mortality in patients with genitourinary tract malignancies in developed countries (1) . Bladder cancer (BC) comprises two long-recognized disease entities, non-muscle invasive bladder cancer (NMIBC) and muscle invasive bladder cancer (MIBC), which have distinct molecular features and clinical outcomes (2) . Although 70-80% of patients are diagnosed with NMIBC at the time of initial presentation, high recurrence rates (50-70%) have been observed in these patients (3) . Furthermore, about one-third of recurrent cases will progress to MIBC and eventually succumb to the disease (4) . The present study acknowledges that the biology of tumors, particularly pT1 bladder tumors, of a similar stage and grade can vary greatly. Thus, identifying the patients that are at risk of developing MIBC and the patients that are not is important for appropriate disease management.
Currently, pathological analyses (including clinical stage and tumor grade) are key determinants for risk assessment and therapeutic decision making in BC (5) . However, none of the predictive values derived from conventional histopathological parameters have demonstrated sufficient sensitivity or specificity for detecting, monitoring and determining the prognosis of BC (5, 6) . These limitations have led to numerous previous studies that aimed to identify molecular markers that enable clinicians to classify BCs in more detail, thereby enabling appropriate selection of the optimal treatment Expression levels of FGFR3 as a prognostic marker for the progression of primary pT1 bladder cancer and its association with mutation status HO regimen (2) . Recent genome-wide expression and sequencing studies identified the genes and signaling pathways that are key drivers of urothelial cancer and revealed a more complex picture comprising multiple molecular subclasses that traverse conventional grade and stage groupings (7, 8) .
Numerous studies have revealed that low-grade noninvasive and high-grade invasive BC are genetically and clinically disparate entities (9, 10) . Low-grade noninvasive bladder tumors are characterized by gain-of-function mutations, which mainly affect classical oncogenes including fibroblast growth factor receptor 3 (FGFR3) and Harvey rat sarcoma viral oncogene homolog genes, whereas invasive tumors are characterized by loss-of-function mutations resulting in inactivation of tumor suppressors including p53, RB, and phosphate and tensin homolog (11, 12) . FGFR3 belongs to a family of structurally associated tyrosine kinase receptors that are involved in numerous aspects of embryogenesis and tissue homeostasis, as well as being implicated in the tumorigenesis of bladder and other urothelial types of cancer, multiple myeloma and cervical cancer (13) (14) (15) . Mutated FGFR3 is constitutively activated and induces a number of oncogenic signaling pathways, including the RAS/mitogen activated protein kinases (MAPK), phospholipase Cc1 (PLCc1), phosphoinositide 3-kinase (PI3K) and signal transducer and activator of transcription (STAT) signaling pathways (11, (16) (17) (18) . Activating mutations in FGFR3 genes are associated with genetically stable Ta and low-grade BC, which represent the favorable BC pathway (19). Activating mutations of FGFR3 are observed in ≤70% of NMIBC cases, whereas overexpression of a wild-type receptor has been revealed in ~40% of patients with invasive disease (20) . Although numerous studies identified associations between FGFR3 mutation status and pathological phenotype, the prognostic implications of these activating mutations has not been clearly established (20) (21) (22) (23) . To the best of our knowledge, no previous studies have undertaken a comprehensive analysis of FGFR3 mutation status and gene expression as prognostic markers in primary pT1 BC. In the present study, the association between FGFR3 gene expression level, mutation status and pathological phenotype in primary pT1 BC tissues was examined. Of note, the present study also evaluated the implications of FGFR3 as a prognostic indicator for pT1 BC.
Materials and methods
Study population and follow-up protocols. Tissue samples were obtained from 151 consecutive patients with primary pT1 BC who underwent transurethral resection (TUR) for histologically diagnosed transitional cell carcinomas between January 1996 and December 2008 at Chungbuk National University Hospital (South Korea). The tissue samples for the present study were provided by Chungbuk National University Hospital, a member of the National Biobank of Korea, which is supported by the Ministry of Health, Welfare and Family Affairs. All tumors were macrodissected within 15 min of surgical resection, fresh-frozen in liquid nitrogen and stored at -80˚C until use. Each patient was independently reviewed by a genitourinary pathologist who was unaware of how the clinical data were to be used. All patients received six cycles of induction Bacillus Calmette-Guerin (BCG) therapy (12.5 mg of Tice strain BCG in 50 ml of physiological bacteriostatic-free saline solution), according to European Association of Urology guidelines, and were confirmed to be disease free 3 months following transurethral resection of the bladder tumor (TURB) following BCG induction therapy. In order to reduce confounding factors affecting the analyses and to delineate a more homogenous study population, patients undergoing immediate postoperative therapy with single-dose mitomycin C (n=8) or BCG maintenance therapy (n=12), or those diagnosed with a concomitant carcinoma in situ (n=6), were excluded from the study. To avoid the risk of under staging, cases where bladder muscle was not clearly identifiable (n=5) were also excluded. Therefore, 120 primary pT1 BC cases were finally used for analysis. The study cohort included 97 males and 23 females. The mean age of patients was 65.93 years (range, 24-88 years).
Tumors were staged according to the 2002 tumornode-metastasis classification system and the 1973 World Health Organization grading system (5, 24) . When a BC specimen did not include sufficient muscle or when a grade 3 tumor was detected, a second-look TURB was systematically conducted 2-4 weeks after the initial resection. Following initial TURB, each patient was monitored according to standard guidelines (5) . Standard follow-up included cystoscopy and urinary cytology at 3-monthly intervals for 2 years, then 6-monthly intervals for 2 years and yearly intervals thereafter. Radiographic evaluation including chest and abdominal computed tomography was performed on an annual basis for evaluation of the upper urinary tract and early detection of metastasis. Recurrence was defined as the recurrence of primary NMIBC at a lower or equivalent pathological stage, and progression was defined as muscular invasion, increased tumor grade or metastatic disease.
Good clinical practice protocols. The present study was performed in agreement with the applicable laws and regulations, good clinical practice and the ethical principles described in the Declaration of Helsinki. The study protocol was approved by the Ethics Committee of Chungbuk National University (IRB approval no. 2010-01-001; Cheongju, Korea). Written informed consent was obtained from all patients prior to enrollment in the present study. Sample collection and analysis procedures were also approved by the Institutional Review Board of Chungbuk National University.
Analysis of FGFR3 mutations. Genomic DNA was isolated from frozen tumor tissue specimens using the Wizard Genomic DNA Purification System kit (Promega Corporation, Madison, WI, USA), according to the manufacturers protocol. The FGFR3 gene sequence was obtained from the NCBI database (http://www.ncbi.nlm.nih.gov/gene/2261). Three regions (exons 7, 9 and 14) harboring 11 frequent oncogenic FGFR3 mutations were simultaneously amplified by polymerase chain reaction (PCR). Detailed PCR methods were performed as previously described (25) . The PCR products were purified and sequenced using the BigDye Terminator v3.1 Cycle Sequencing kit and an ABI 3730xl automatic sequencer (both from Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
Analysis of FGFR3 mRNA expression level.
Total RNA was extracted from tissue samples using TRIzol ® reagent (Invitrogen, Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. cDNA was prepared from 1 µg RNA using random primers and a First-Strand cDNA Synthesis kit (GE Healthcare Life Sciences, Chalfont, UK). To quantify the expression levels of FGFR3, RT-qPCR amplification was performed using a Rotor Gene 6000 instrument (Corbett Life Science; Qiagen, Inc., Valencia, CA, USA). RT-qPCR assays were performed in micro-reaction tubes (Corbett Life Science; Qiagen, Inc.) containing SYBR Premix EX Taq (Takara Biotechnology Co., Ltd., Dalian, China). The following primers were used to amplify FGFR3 (146 base pairs): Sense, 5'-CGTACTGTGCCACTTCAGTG-3' and antisense, 5'-CCAGCAGCTTCTTGTCCATC-3'. The PCR reaction was performed in a final volume of 10 µl, comprising 5 µl of 2X SYBR Premix EX Taq buffer, 0.5 µl of each 5' and 3'primer (10 pM/µl) and 1 µl sample cDNA. The products were purified using a QIAquick Extraction kit (Corbett Life Science; Qiagen), quantified in a spectrometer (MBA 2000; Perkin Elmer, Inc., Waltham, MA, USA) and sequenced using an automated laser fluorescence sequencer (ABI PRISM 3100 Genetic Analyzer; Applied Biosystems, Foster City, CA, USA). A known concentration of the PCR product was then 10-fold serially diluted from 100 to 0.1 pg/µl and used to establish a standard curve. The RT-qPCR conditions were 1 cycle at 96˚C for 20 sec, followed by 40 cycles of 2 sec at 96˚C for denaturation, 15 sec at 60˚C for annealing and 15 sec at 72˚C for extension. The melting program was performed at 72-95˚C with a heating rate of 1˚C per 45 sec. Spectral data were captured and analyzed using Rotor-Gene Real-Time Analysis Software 6.0 Build 14 (Qiagen, Inc.). All samples were run in triplicate. GAPDH was used as an endogenous RNA reference gene. Relative quantification of gene expression was performed using the 2 -ΔΔCq calculation formula, based on Cq values for target and reference genes (26) . The gene expression was normalized to the expression of GAPDH.
Statistical analysis. Continuous variables are expressed as the median and interquartile range (IQR). Differences between variables demonstrating a continuous distribution across dichotomous categories were assessed using the Mann-Whitney U test. The Fisher's exact and χ 2 tests were used to evaluate associations between categorical variables. The Kaplan-Meier method was used to estimate time to recurrence and progression, and differences were assessed using the log-rank test. The prognostic value of FGFR mutation status and gene expression level was analyzed using univariate and multivariate Cox's regression test. FGFR3 mRNA expression level was classified according to the quartiles of the range, and the lowest quartile (<107.70x10 4 copies/µg) was assigned to the reference group for regression analysis. P<0.05 was considered to indicate a statistically significant difference. All reported P-values are two-sided. All statistical analyses were performed using SPSS version 20.0 software (IBM SPSS, Armonk, NY, USA).
Results
Baseline characteristics. The baseline characteristics of the 120 patients with primary pT1 BC are presented in Table I . The study cohort included 97 males and 23 females. The mean age of patients was 65.93 years (range, 24-88 years). The histological Table III) . Kaplan-Meier analysis revealed that patients with high FGFR3 mRNA expression level demonstrated better progression-free survival compared with those with lower expression levels of FGFR3 mRNA (log-rank, P<0.001; Fig. 1 ). Multivariate Cox regression analysis identified low FGFR3 expression level (odds ratio, 3.300; 95% confidence interval, 1.310-8.313; P= 0.011) and tumor grade III (odds ratio, 2.623; 95% confidence interval, 1.161-5.927; P= 0.020) as an independent predictor of cancer progression (Table IV) .
Association between FGFR3 mutation site, mRNA expression level and cancer progression in pT1 BC. When FGFR3 mutations were categorized by exon site, mutations in exons 7 and 9 Table III . Association between FGFR3 mutation status, mRNA expression level and clinicopathological features in pT1 BC. demonstrated significantly high mRNA expression levels compare with the wild type BC (each P<0.001; Fig. 2 ). By contrast, mutations located in exon 14 did not reveal a significant difference in FGFR3 mRNA expression level compared with in the wild type BC. None of the patients with BC harboring FGFR3 mutation in exon 9 demonstrated disease progression or metastasis (Fig. 3) .
FGFR3 mutation -------------------------------------------------------------------------------

Discussion
The present study examined the utility of FGFR3 mutations and FGFR3 gene expression as prognostic markers in primary pT1 BC. FGFR3 mRNA expression was associated with the presence of FGFR3 mutation. FGFR3 mRNA expression level was an independent predictor of progression. FGFR3 mutation was significantly associated with tumor grade but not with cancer progression.
FGFR3 is a receptor tyrosine kinase implicated in the tumorigenesis of numerous types of myeloma, cervical cancer and urothelial carcinoma (13) . There are two mechanisms that cause abnormal activation of FGFR3: Translocation of chromosome 4 to chromosome 14 (leading to overexpression) and activation of point mutations in the FGFR3 gene (11) . Activating mutations of FGFR3 are observed in the majority of NMIBCs (35.5-78.1%), and the overexpression of a wild-type receptor has been identified in ~40% of MIBC (21) . Constitutive (ligand-independent) receptor activation occurs most commonly by substitution of a wild-type residue within the extracellular domain of FGFR3 with a cysteine residue, resulting in dimerization and subsequent stimulation of tyrosine kinase activity (11, 27 ). This in turn induces a number of different oncogenic signaling pathways, including the RAS/MAPK, PLCc1, PI3K and STAT pathways (7, 17, 18) . FGFR3 point mutations are found almost exclusively in exons 7, 10 and 15 (19) . The most frequent extracellular domain-activating mutations are R248C and S249C, and transmembrane domain mutations include G372C and Y375C; other mutations occur at low frequencies (6, 16) . The frequency of FGFR3 mutations at these hot spots in the present study's cohort were similar to those described in previous studies (23) . Cappellen et al (14) conducted the first study examining FGFR3 involvement in bladder tumors. Since then, numerous studies have been performed to better understand the potential role of mutant FGFR3 as an oncogenic driver, particularly in BC (18) (19) (20) (21) 23, 28) . Previous studies also demonstrated that FGFR3 mutations are associated with genetically stable Ta and low-grade BC, which represents the favorable BC pathway (20) . Activating mutations in the FGFR3 gene have been reported in ≤75% of low-grade and low-stage BC, but are absent or rare in carcinoma in situ and MIBC (29) . The results presented in the present study confirm previous studies demonstrating that the presence of FGFR3 mutations is significantly associated with low tumor grade (23) . The association between FGFR3 mutations and pathological phenotype has been well established, but the prognostic significance of FGFR3 mutations in BC remains poorly defined (20) . A previous study by van Rhijn et al (19) reported that FGFR3 mutations were an independent predictor of recurrence in NMIBC. BC recurrence was more common in patients whose initial tumor was classified as wild-type rather than as harboring a mutant FGFR3 gene. Conversely, a large prospective study of 772 patients revealed a significantly higher rate of recurrence in patients harboring an FGFR3 mutation compared with in those with a FGFR3 wild-type tumor (22) . Following stratification according to tumor stage and grade, the prognostic value of the FGFR3 mutation in terms of tumor recurrence appeared to be restricted to pTaG1 tumors, and a previous study suggested that additional molecular alterations within higher grade/stage tumors overrode the association between FGFR3 mutation and prognosis (22) . In addition, there is certain evidence supporting the prognostic value of FGFR3 mutations for predicting the risk of progression (23, 30) . The exact prognostic role of these mutations with respect to NMIBC progression has not yet been fully elucidated; however, two recently published studies suggested the possibility of a progression-associated prognostic indicator for NMIBC (4,23,30) . A study by van Rhijn et al (23) Figure 1 . Kaplan-Meier curves for predicting progression-free survival according to FGFR3 mRNA expression level. Cutoff value was 107.70x10 4 copies/µg. FGFR3, fibroblast growth factor receptor 3.
examined the distribution and clinical outcome of FGFR3 and P53 alterations in 132 patients with primary pT1 BC. Multivariate analyses revealed that FGFR3 mutation status was a significant prognostic factor for progression. Another study by Burger et al (30) revealed that FGFR3 status did discriminate progressors from non-progressors within a subset of patients with high-grade BC. Although the design and outcome evaluations of the present study were similar to previous studies, the present study demonstrated a different result in which FGFR3 mutation status did not have prognostic significance in terms of tumor recurrence or progression. Numerous factors may account for these discrepant results. Firstly, the resent study adopted strict exclusion criteria to eliminate possible interference. To delineate a more homogenous study population, patients who received intravesical chemotherapy or BCG maintenance therapy or those diagnosed with a concomitant carcinoma in situ were excluded from the study. Although van Rhijn et al (23) specifically analyzed patients with primary pT1 BC who received BCG, 35% of BC cases were concomitant carcinoma in situ, which frequently resembles a muscle invasive disease due to its aggressive biological features. It is also possible that the participants in the present study had different tumor characteristics. In the study by Burger et al (30) , the majority of patients exhibited a relatively favorable tumor characteristic, 81% of pTa tumor and 89% of G1-2 tumor, whereas van Rhijn et al (23) enrolled patients with a primary diagnosis of pT1 and majority of the patients exhibited high-grade tumors (80%). The results of the present study were also acquired from a homogenous population with a primary diagnosis of pT1 and 65% of T1 BC was Grade II. Tumor staging and grading were reassigned by one genitourinary pathologist; however, only 20% of T1 BC was assigned to grade III. The progression rate of the BC cohort was lower compared with in the study by van Rhijn et al (23) and this may be due to these tumor characteristics. In the present study, FGFR3 mutant BC was associated with a favorable tumor grade and high FGFR3 mRNA expression level, but it did not affect prognostic impact on progression. Further large cohort collaboration studies should be performed to confirm the prognostic role of FGFR3 mutation in pT1 BC.
The majority of previous studies focused on FGFR3 mutation status and protein expression level with respect to pathological phenotype and oncological outcome (16, 19, 21, 23, 28) . At present, little is known about the association between mutation status and FGFR3 mRNA expression level in BC (28) . A study by Bernard-Pierrot et al (27) investigated the association between FGFR3 mRNA expression levels and FGFR3 status, and demonstrated that high expression levels of FGFR3 correlated with the presence of a mutated FGFR3 gene. However, the level of FGFR3 mRNA was determined by semi-quantitative radioactive RT-qPCR, and they did not identify a significant association between FGFR3 mRNA expression levels and tumor characteristics. Furthermore, as far as can be ascertained, no previous study has addressed the prognostic implications of FGFR3 mRNA expression level in BC. The present study revealed that lower FGFR3 mRNA expression level was an independent predictor of progression. FGFR3 mRNA expression level may be useful for predicting the outcome of high-risk refractory tumors in pT1 BC prior to their progression. The present study further analyzed the FGFR3 mRNA ------------------------------------------------------------------------------------------------------------------------------------------------ expression categorized by exon site, which encode various functional domains of FGFR3 protein, including exon 7 (immunoglobulin-like domain: Codon 248, 249), exon 9 (transmembrane domain: Codon 370, 371, 373, and 391) and exon 14 (tyrosine kinase domain: Codon 650). Of note, the present study demonstrated that mutations in exon 7 and 9 revealed significant high FGFR3 mRNA expression levels compare with in the wild type BC. Mutations located in exon 14 did not demonstrate significant difference in FGFR3 mRNA expression level compare with the wild type BC. The present study could not conduct survival analysis due to the limited number of progression events. However, none of the FGFR3 mutations in exon 9 led to disease progression or metastasis. Conversely, among the 3 patients with harboring mutant BC located in exon 14, 1 patient demonstrated cancer progression within 2 years of short interval. It was suggested that prognostic influences of FGFR3 mutations may be modulated by the mutation site of the FGFR3 gene, but this requires further investigation.
--------------------------------------------------------------------------------
A possible limitation of the present study is that FGFR3 protein levels were not evaluated. Further studies should include these experiments to better understand the association between activating mutations of FGFR3, mRNA expression level and protein expression level. In addition, the sample size was relatively small, which may reduce the statistical power. Thus, further collaborative studies are required in order to confirm the prognostic role of FGFR3 mutation and gene expression in pT1 BC.
In conclusion, the results of the present study suggested that FGFR3 mRNA expression level may be a useful tool for providing a more accurate prognosis for individual patients with pT1 BC. Our preliminary analyses suggested that prognostic influences of FGFR3 mutations may be modulated by the mutation site of the FGFR3 gene; however, results are preliminary and thus require validation.
